Additional index words. corn by-product, weed management, natural herbicide, pest management soil with a pH of 7.6 and 32 g organic matter/kg, 2 2 ppm extractable P, and 160 ppm exchangeable K. All seeds were planted to a depth of 0.6 cm. The number of seeds planted in each pot was species specific and was determined from previously obtained germination data (Table 1) . Species with very small seeds were planted on a weight basis. Plants were watered to keep the soil uniformly moist, and no pesticides were applied.
Synthetic herbicides often are used for weed control in vegetable crop and turfgrass management systems.
Public awareness of the widespread use of herbicides and the possible negative effects of their residues o n the environment are incentives for researchers to identify natural plant substances with herbicidal properties.
Several researchers have reported inhibition of shoot and root elongation of selected plant species b y corn stalks and residue (Bonner, 1950; Nielsen et al., 1960) . Water soluble extracts from cornstalks significantly inhibited the root and shoot growth of wheat (Triticum aestivum L.) and sorghum [Sorghum bicolor(L.) Moench.] seedlings (Guenzi and McCalla, 1962) . In addition, aqueous extracts from decomposing corn residues suppressed root elongation in lettuce (Lactuca sativa L. 'Great Lakes'), suggesting that inhibition resulted from damage to the meristematic tissue of the emerging radicles (Chou and Patrick, 1976) . Recent research has shown that corn gluten meal (CGM), the protein fraction of corn grain extracted in the wetmilling process, effectively controlled several weed species and has potential for use as a Received for publication 3 Jan. 1995. Accepted for publication 1 May 1995. This is Journal Paper no.
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Root formation during germination is inhibited b y CGM in susceptible species. When CGM-treated plants were subjected to moisture stress, they died (Christians, 1993) . In addition, CGM contains ≈10% N by weight and provides an additional N source to plant species with well-developed root systems. United States patent 5,030,268 has been granted for using CGM as a surface-applied preemergence herbicide (Christians, 1991 These treatment levels were selected based on previous greenhouse research (Christians, 1993 ences between the amount of rooting for CGM treated plants and nontreated plants were estimated and recorded as percent reductions in root development.
Reductions were estimated in 5% increments.
The statistical design was a split-split plot. The four CGM treatment levels were the whole plot treatments; the two application methods, the subplot treatments, and the weed species the sub-subplots. The results were similar for the two studies; therefore, data from both were combined for analysis.
The three replications in the first study were run consecutively because of space limitations, and those for the second study were run concurrently. Data were analyzed with the SAS version 6.6 (SAS Institute, 1990) analysis of variance procedure to test the significance of CGM effects on plant survival, shoot length, and root development. Least significant difference tests were used to compare significantly different means (Cochran and Cox, 1957) .
Results
Plant survival. CGM reduced the survival of all broadleaf and grass species (Tables 2 and 3 ). There were no differences in the survival of plants receiving PRE applications and PPI treatments (Table 2 ).
There was a wide degree of interspecific variation in plant survival of CGM-treated plants (Table 3) . Survival of all species, except barnyardgrass, green foxtail, quackgrass, velvetleaf, and woolly cupgrass, was reduced ≥40% when treated with 324 g CGM/m 2 , and eight broadleaf species incurred 75% reductions at this CGM level. Reductions in survival were 275% for 1 1 of the species treated with 649 g CGM/m 2 , and the survival of six additional species was reduced >40%.
At 973 g CGM/m 2 , survival was reduced 263% for all species except barnyardgrass, shattercane, and velvetleaf (Table 3 ).
There also were differences among species in their response to CGM quantity (Table 2) . Survival decreased for 15 broadleaf and grass species as the amount of applied CGM increased ( The species x application method interaction was significant for shoot length (Table 2) .
Most species treated with PPI CGM had shorter shoots than those treated with PRE applications ( however, resulted in ≥51% shoot length reductions for all species, and shoot lengths were decreased 55% for barnyardgrass and 87% for large crabgrass.
Root development. Rooting of all broad- leaf and grass species was reduced by CGM (Tables 2   and 5 ). Reduction in root development significantly differed among CGM levels and species (Table 2) .
Interspecific variation in rooting ranged widely at all CGM levels ( at all PPI levels. Rooting decreased ≤45% at all PRECGM levels for barnyardgrass, large crabgrass, shattercane, and woolly cupgrass.
The species x application method interaction was significant (Table 2) . Dandelion, green foxtail, and yellow foxtail had ≤35% rooting reductions when treated with 324 g PRE CGM/m 2 but exhibited ≥90%
reductions when subjected to PPI applications at the same level ( Rooting decreased unequally among species in the same genus. When treated with 324, 649, and 973 g PRE CGM/m 2 , large crabgrass exhibited 0%, 0%, and 45% root reductions, respectively, and smooth crabgrass had 65%, 95%, and 100% reductions, respectively. Rooting reductions for yellow foxtail treated with 324,649, and 973 g PRE CGM/m 2 were 20%, 20%, and 60%, respectively. At the same levels, reductions were 65%, 85%, and 95%, respectively, for giant foxtail and 35%, 85%, and 100%, respectively, for green foxtail.
Discussion
The results of these greenhouse screenings substantiate that the efficacy of CGM as a herbicide may extend to a broad spectrum of monocotyledonous and dicotyledonous plant species (Christians, 1993) . All broadleaf and grass species evaluated exhibited some degree of susceptibility to the herbicidal properties of CGM. Plant responses, however, were variable among treatment levels and species. Application method also affected the reductions in shoot length and root development.
The PPI treatments generally were more effective than PRE applications in reducing shoot length and root development in all species, probably due to increased contact between the CGM and the germinating seedlings with the PPI treatment. The roots and shoots of rapidly germinating species may be developed too fully before the PRE treatments become effective.
The efficacy of CGM for control of a particular weed species in a management system depends on the amount of CGM applied. Broadleaf species were generally more susceptible to CGM than grasses, and reductions in shoot length and root development were larger at the lower CGM levels. Black nightshade, common lambsquarters, creeping bentgrass, curly dock, purslane, and redroot pigweed were the most susceptible species and exhibited ≥75% reductions in survival and rooting and >50% reductions in shoot length with PRE and PPI at 324 g CGM/m 2 . Y These data include results of two studies and are the mean percentages of the shoot length reductions relative to the shoot lengths of the control plants (n = 6). Table 5 Reductions in root development, relative to tbe control, of weeds treated with three quantities of soil surface-applied (PRE) and preplan/-incorporated (PPI) corn gluten meal (CGM). PRE  PPI  PRE  PPI  PRE  PPI  Annual bluegrass  50  70  55  90  95  95  Barnyardgrass  0  35  10  50  30  75  Black medic  80  95  80  95  100  100  Black nightshade  85  100  100  100  100  100  Buckhorn plantain  70  80  95  100  100  100  Catchweed bedstraw  45  80  55  100  100  100  Common lambsquarters  75  100  90  100  100  100  Creeping bentgrass  95  90  100  100  100  100  Curly dock  90  90  100  100  100  100  Dandelion  30  90  95  100  100  100  Giant foxtail  65  85  85  85  95  95  Green foxtail  35  95  85  100  100  100  Large crabgrass  0  80  0  90  45  100  Orchardgrass  50  80  85  95  95  100  Purslane  80  100  80  100  85  100  Quackgrass  25  75  60  95  75  100  Redroot pigweed  95  100  100  100  100  100  Shattercane  5  45  30  75  25  95  Smooth crabgrass  65  90  95  100  100  100  Velvetleaf  40  60  70  75  70  90  Woolly cupgrass  15  60  20  90  35  100  Yellow foxtail  20  90  20  100  60  100 z Least significant difference (LSD 0.05 = 12) for mean comparisons between PRE and PPI application methods for each species, and LSD 0.05 = 17 for mean comparisons among tbe CGM quantities for each species. Y These data include results from two studies and are the mean percentages of tbe root development reductions relative to the root development of the control plants (n = 6).
Turfgrass management systems are restricted to PRE applications of CGM. According to survival, shoot length, and rooting reductions, PRE applications of CGM may provide acceptable control of annual bluegrass, black nightshade, buckhorn plantain, Catchweed bedstraw, common lambsquarters, curly dock, dandelion, giant foxtail, orchardgrass, purslane, redroot pigweed, and smooth crabgrass. In addition, competition from the mature grasses in turfgrass areas may increase the degree of weed control.
Corn gluten meal has the potential to be used as a natural herbicide for the control of many broadleaf and grass weed species. More field trials than those of Christians (1993) , however, are necessary to confirm the efficacy of CGM for specific weed species in competitive turfgrass and strawberry production systems.
